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Figure  1.  Gigapixel  crewstation  for  information-centric  warfare 


Display  Technology  Overview 


Darrel  G.  Hopper 


Warfighters  require  displays  in  all  crew- 
stations  and  platforms— air,  land,  sea, 
and  space.  This  cross-cutting  need  is 
documented  in  a  comprehensive  study  of  military 
displays  in  some  350  defense  systems  (Desjardins 
&  Hopper,  1999).  Remarkable  progress  over  paper 
and  mechanical  visual  display  media  has  been 
made  since  the  invention  of  the  first  electro¬ 
mechanical  and  electronic  displays  just  a  few 
decades  ago — but  far,  far  more  remains  to  be  done 
(Hopper,  2000a).  Fielded  displays  are  just  peep¬ 


holes  in  an  information  universe. 
Warfighter  productivity  growth  hinges 
on  the  invention  and  transition  of  more 
capable  displays,  especially  those  with 
far  higher  resolution.  For  example,  the 
B-2  program  requires  the  addition  of  a 
14-inch  display  between  the  pilots,  as 
the  current  8-inch  displays  are  not  large 
enough  to  present  all  the  threat  sym¬ 
bology  on  a  single  display  surface. 

continued  on  next  page 
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Acquisition  Platform  Category 

Display  technology  confronts  the  five  Services 
with  common  challenges  and  opportunities. 
Annual  defense  display  research  appropriations 
total  about  $100  million  and  Congress  wants  a 
defense-wide  strategy  for  display  acquisition  to 
guide  this  investment. 

Display  acquisition  occurs  by  platform  categories: 


Advanced  cockpits  and  crewstations 
require  panoramic  display  systems  of 
over  300  inch2  per  warfighter  with  pixel 
densities  increased  from  the  current 
minimal  80  pixels  per  inch  to  over  200 
pixels  per  inch  to  show  advanced  25- 
megapixel  sensor  imagery  and  integrat¬ 
ed  situation  awareness  formats  like 
pathway  in  the  sky  (Snow  et  al.,  1999). 
Simulators  require  synthetic  vision  sys¬ 
tems  of  160  megapixels;  the  state-of- 
the-art  is  16  megapixels  based  on  2- 
megapixel  devices.  Soldiers  require  both 
large  (1  m,  30  megapixel)  electronic 
maps  and  small  (24  mm,  5  megapixel), 
low  power  displays  yet  with  color  and 
high  information  content.  Naval  surface 
combat  information  centers  require  10- 
megapixel  team  knowledge  walls  and  a 
true  three-dimensional  display  system 
to  reduce  crew  sizes  and  ensure  rapid 
understanding  of  the  altitude  as  well  as 
the  radial  position  of  ingressing  aircraft 
(Hopper,  2000b).  The  defense  informa¬ 
tion-centric  display  challenge  is  illus¬ 
trated  in  Figure  1  (see  cover) . 

Display  technology  is  driven  by  elec¬ 
tronics,  sensors,  computers,  and  users. 
Electronics  deals  with  the  challenges  of 
fabricating  display  devices  and  systems 
per  se.  Sensors  provide  video,  still 
imagery,  and  data.  Computers  generate 
graphics  and  imagery  from  databases, 
sensors,  and  communications.  Users  are 
decision-makers  consuming  and  acting 
on  images  of  information. 

This  special  issue  provides  an 
overview  on  display  technology  along 
with  articles  in  three  areas  where 
improved  visual  displays  are  poised  to 
revolutionize  warfighter  productivity: 

•  panoramic  head-down  instrument 
panels; 

•  head-up  and  head-mounted 
systems;  and 

•  command  decision  suites  equipped 
with  knowledge  walls  and  smart 
desks. 

Displays  in  three  other  such  areas — 
uninhabited  combat  air  vehicle  crewsta¬ 
tions,  simulators  and  virtual  reality,  and 
air-to-air  cueing — are  illustrated  in 
recent  issues  of  Gateway  (Barbato,  2000; 
Knott,  2000;  Rastikis,  1998). 


•  aviation  and  space  electronics  (avionics), 

•  land  vehicle  electronics  (vetronics), 

•  shipboard  non-propulsive  electronics 
(naval  sea), 

•  mobile  personnel,  and 

•  command  and  control  centers  (C4ISR) . 


Avionics  cockpit  displays  comprise  some  19%  of 
displays  in  fielded  Department  of  Defense 
weapons  systems.  All  certified  aerospace  cockpit 
displays — military,  civil,  general,  and  space— are 
custom  designed;  most  are  currently  manufactured 
at  opportunity  cost  in  high-volume  facilities  in 
Korea,  Japan,  and  Taiwan.  The  remaining  81  %  of 
fielded  displays  are  ruggedized  versions  of  displays 
designed  for  a  non-defense  market.  Across  all 
acquisition  programs  the  cost  of  a  fielded  display 
comprises  just  10%  for  the  device  per  se  and  some 
90%  for  packaging  and  testing  to  meet  military 
performance  specifications.  Thus,  from  a  cost  per¬ 
spective  all  combat  displays  are  custom. 

Aviation  acquisition  has  been  a  key  driver  of 
display  research  for  100  years.  Display  research  for 
aircraft  crewstations  began  with  mechanical  and 
electromechanical  (EM)  instrumentation  about 
1900.  Avionics  display  research  was  undertaken 
beginning  with  the  cathode  ray  tube  (CRT)  in  the 
1930s  through  the  1980s.  Flat-panel  display  (FPD) 
research  began  at  the  Avionics  Laboratory  (now 
part  of  the  U.S.  Air  Force  Research  Laboratory, 
AFRL)  about  1969  and  matured  about  1992  when 
the  active  matrix  liquid  crystal  display  (AMLCD) 
technology  became  preferred  over  CRTs  for  all  mil¬ 
itary  and  civil  aerospace  cockpits.  New  FPDs  cost 
25%  as  much  but  are  over  30  times  more  reliable 
than  the  old  CRT  and  EM  technologies  they 
replace.  Now  AMLCDs  are  better  than  CRTs  in  vir¬ 
tually  every  performance  parameter,  including 
angle  of  view.  The  1903  Wright  Flyer  had  three 
instruments  (mechanical  displays):  wind  gauge, 
propeller  RPM  counter,  and  stop  watch.  The  year 
2001  F-22A  Raptor  has  six  multifunction  AMLCDs 
totaling  1.2  megapixels  in  201  inch2  (49%  of  the 
instrument  panel) . 

Mission  C4ISR  crew  workstations  in  air,  sea,  and 
land  systems  typically  provide  each  operator  a  19- 
inch  color  display  with  1.3  megapixel  resolution. 
The  U.S.  Air  Force  recently  switched  the  design  of 
these  19-inch  displays  from  direct-view  CRTs  to 
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projectors  using  digital  micromirror  devices 
(DMD) .  The  DMD  technology  was  developed  in  a 
DARPA-funded,  AFRL-managed  exploratory 
research  project  from  1991-1995  and  transitioned 
via  the  Common  Large  Area  Display  Set  (CLADS) 
logistics  project  at  Warner-Robins  ALC  from 
1996-1999.  Army  and  Navy  programs  have  recent¬ 
ly  adopted  DMD  workstations  as  well. 

Command  and  control  centers  are  moving  to  10- 
megapixel  anchor  desks  and  workbenches  and  100- 
megapixel  knowledge  walls  and  information  igloos 
(pixelated  rooms)  to  enable  ten  persons  to  make 
better  decisions  in  combat  than  by  30  persons  at 
present.  Display  tiling  technology  from  commercial 
trading  floors,  broadcaster  studios,  and  advertising, 
enabled  by  prior  defense  research,  is  now  fueling  a 
revolution  in  military  decision-making  suites. 


go  up  to  the  maximum  of  4:t,  or  12.566 
sr.  Thus,  a  40  x  40°  (0.24  sr)  display 
image  is  just  2%  of  the  4n  sr  natural 
world.  Usable  AMLCDs  for  image  pres¬ 
entation  appeared  in  production  about 
1988  when  pixel  size  decreased  below 
317  mm  with  screen  size  about  3  inches 
and  resolution  of  0.0324  megapixels; 
the  image  size  was  2.25  x  2.25  inches, 
or  about  5x5°  (0.01  sr)  at  24  inches. 
From  1988  to  2000,  direct-view  AMLCD 
device  size  has  increased  from  3  to  30 
inches  and  resolution  has  increased 
from  0.03  to  9  megapixels.  Device  pixel 
densities  in  1988  were  80  per  inch;  now 
the  pixel  density  is  up  to  120  per  inch  in 
products  and  211  per  inch  in  prototypes. 


Design  Class 

Display  designs  are  classified  as  direct-view,  pro¬ 
jection-view,  tiled,  and  true  three-dimensional. 
The  viewer  is  usually  presented  with  an  image  via 
a  physical  screen.  Direct-view  displays  create  the 
image  in  the  plane  of  the  screen  via  large  electro¬ 
optic  devices.  Projection-view  displays  use  minia¬ 
ture  electro-optic  devices  together  with  an  optics 
system  that  magnifies  the  image  some  10  to  1000 
times  while  transmitting  it  to  the  screen.  Tiled  dis¬ 
plays  create  an  image  having  higher  luminance, 
resolution  and  size  from  multiple,  individually  less 
capable,  modules.  True  three-dimensional  designs 
provide  multiperspective  images,  not  just  three- 
dimensional  models  depicted  on  two-dimensional 
hardware  (Hopper,  2000b). 

Mass  production  displays  are  typically  just  0.8 
megapixel  for  both  direct-  and  projection- view 
designs.  Niche  and  exotic  market  production  for 
tiled  systems  are  typically  just  5-16  megapixels. 
The  highest  resolution  direct-view  display  is  the 
22-inch,  9.2-megapixel  color  AMLCD  announced 
by  IBM  in  September  2000;  twelve  of  these  devices 
are  being  used  to  create  a  114  megapixel  datawall 
for  computational  research  in  the  Department  of 
Energy.  Projection  displays  up  to  5  megapixels  are 
becoming  available  based  on  miniature  AMLCDs. 
The  biggest  jumbo  tiled  display  is  the  unique  $37 
million  NASDAQ  Times  Square  cylindrical  building 
facade  display:  2.1  megapixels,  with  nine  subpix¬ 
els  per  color  pixel,  comprising  over  18  million 
inorganic  light  emitting  diodes  (ILED)  and  cover¬ 
ing  1000  m2  (10,800  feet2). 

Size,  Pixel  Density,  Resolution 

Size  for  displays  relates  to  image,  device,  and 
screen.  Individual  display  screens  produce  an 
image  that  subtends  an  instantaneous  field-of- 
view  of  about  0.01  to  2  steradians  (sr)  (5  x  5°  to 
100  x  100°)  at  the  design  eye  point;  tiled  systems 


Technology  Pace  and  Variants 

Displays  operate  by  reflection,  trans¬ 
mission,  or  emission  of  light  from  the 
imaging  device  and  screen.  There  was 
only  one  electronic  display  technology 
in  1940:  the  CRT.  Circa  2000  there  are 
two  dominant  display  technologies: 
CRT  and  flat-panel  AMLCD. 
Technology  creation,  transfer,  and  tran¬ 
sition  have  become  significantly  more 
productive  with  each  new  economical¬ 
ly  viable  generation  of  electronic  dis¬ 
plays.  The  CRT  technology  took  some 
52  years  from  invention  in  1896  to 
mass  market  television  beginning  in 
about  1947.  The  AMLCD  technology 
took  some  23  years  from  the  first 
research  funding  about  1969  until  it 
was  fielded  on  aircraft  and  supported 
the  launch  of  the  notebook  computer 
industry  by  about  1992.  The  DMD  tech¬ 
nology  took  just  six  years  from  first 
research  to  commercial  presentation 
projector  launch  and  nine  years  to  the 
first  military  production  contract. 

Two  new  technologies,  reflective 
AMLCD  on  silicon  substrate  (LCOS) 
and  the  active  matrix  organic  light-emit¬ 
ting  diode  (AMOLED),  appear  to  be 
moving  towards  successful  commercial¬ 
ization  and  operational  military  use  as 
fast  as  did  the  DMD.  Some  older  tech¬ 
nologies  have  established  niche  mar¬ 
kets:  alternating  current  gas  plasma 
(ACGP),  vacuum  fluorescent  display 
( VFD) ,  thin  film  and  active  matrix  elec¬ 
troluminescent  (TFEL,  AMEL),  and  liq¬ 
uid  crystal  shutter  three-dimensional 
continued  on  next  page 
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Table  1.  Electronic  display  comparisons 


Design 

Class 

Device  Size 
(diagonal  in  mm 

Market* 

) 

Technologies 

Emissive  Light  Valve 

Direct-view 

Large: 

Mass 

CRT 

AMLCD,  EM 

25  to  1,000 

Niche 

ACGP,  VFD,  TFEL,  OLED 

Future 

FED,  FSD 

EMS 

Projection- 

Micro: 

Niche 

CRT,  AMF.I. 

AMLCD,  DMD 

view 

3  to  24 

Future  (device): 

AMOLED 

LCOS,  GLV 

Future  (direct  write): 

SSL,  VRD 

Future  (waveguide  screens) : 

PSM 

POD,  TWS 

Tiled 

Jumbo: 

Niche-mass 

Incandescent,  neon 

Macroscopic  shutters 

3,000  to  30,000 

Exotic 

ILED,  CRT 

GDL,  AMLCD 

Future 

FED,  OLED 

True  3-D 

Various 

Niche 

Multiplexed  2-D 

Multiplexed  2-D 

Future 

Volumetric 

Holographic 

*  Market  (CY2000  unit  sales) : 

Mass  (0.1-10+  million);  Niche  (1-10  thousand);  Exotic  (1-100);  Future  (August,  zero) 


For  more  information, 
please  contact: 

Darrel  G.  Hopper,  Ph.D. 
AFRL/HECV 
2255  H  Street 
WPAFB,  OH  45433 

Tel:  937-255-8822 

Fax:  937-255-8366 

E-mail:  darrel.hopper@ 
wpafb.af.mil 

Darrel  G.  Hopper,  Ph.D.,  is 
Senior  Engineer  and  Director 
of  the  Aerospace  Displays 
Program  with  the  Visual 
Display  Systems  Branch,  Crew 
Systems  Interface  Division, 
Human  Effectiveness 

Directorate,  U.S.  Air  Force 
Research  Laboratory,  Wright- 
Patterson  Air  Force  Base, 
Ohio.  He  is  a  Member  of  the 
DDR&E  Displays  IPT,  and 
Author  of  the  DoD  Roadmap 
for  Displays. 


with  glasses  (stereoscopic)  and  without 
(autostereoscopic) . 

Future  technologies— those  yet  to  be 
successfully  commercialized — include 
the  flexible  substrate  display  (FSD), 
solid  state  laser  (SSL),  polyplanar  optic 
display  (POD),  tapered  wedge  screen 
(TWS),  electrostatic  microshutter 
(EMS) ,  grading  light  valve  (GLV) ,  virtu¬ 
al  retinal  display  (VRD),  field  emission 
display  (FED) ,  polymer  switched  matrix 
(PSM),  gas/dye  laser  (GDL),  and 
improved  true  three-dimensional 
devices  (True  3-D). 

Table  1  compares  electronic  displays  by 
design,  size,  market,  and  technology.  The 
following  three  articles  will  investigate 
many  of  the  technologies  compared  in 
this  table.* 
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The  latest  Human  Systems  IAC 

state-of-the-art  report  (SOAR) 


Analysis  Techniques  for 
Human-Machine  System  Design 

This  SOAR  is  based  on  the  work  of  NATO  Defence  Research  Group, 
Panel  8,  Research  Study  Group  14,  to  improve  the  application  of 
human-engineering  techniques  in  NATO  countries.  Research  Study 
Group  14  surveyed  the  use  of  24  human-engineering  analysis  tech¬ 
niques  in  33  projects  in  7  countries.  This  SOAR  presents  the  results 
of  this  survey  which  includes  a  wide  variety  of  military  systems:  an 
infantry  air  defense  system,  tanks,  aircraft,  ships,  submarines,  and 
command-and-control  systems. 

Available  for  $45m  (US)  plus  shipping  and  handling. 
To  order,  telephone:  937-255-4842,  fax:  937-255-4823,  or 
E-mail:  michelle.dahle@wpafb.af.mil. 


Some  shapes 
are  difficult 
to  measure... 


Like  the  human  body. 

At  Anthrotech,  we've  been  measuring  the  human  body  for  50  years. 
Now,  you  can  learn  from  our  expertise  by  attending: 

Essentials  of  Anthropometry 

April  10-12,  2001 

Yellow  Springs,  Ohio 

You'll  experience  hands-on  instruction  in  over  40  dimensions  in 
human  body  measurement,  and  explore: 

•  automated  measuring  techniques 

•  human  shape  variability 

•  data  and  product  applications 

•  protocols  for  compiling  accurate,  reliable  databases 

•  human  factors  and  ergonomics  applications 

•  3D  scanner  demo. 

Register  online  at  http://www.anthrotech.net 
or  call  937.767.7226  for  more  details. 


ANTHROTECH 

PROVIDING  HUMAN  DIMENSIONS  FOR  DESIGN  SOLUTIONS 

Celebrating  50  years  of  outstanding  service. 
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Advances  in  Avionics 

Head-Down  Display  Technology 

Michael  H.  Kalmanash 


Figure  1.  Electronic  displays  streamline  cockpit  instrumentation 


Head-down  multifunction  dis¬ 
plays  (MFDs)  mounted  in  the 
instrument  panel  are  a  primary 
means  by  which  the  modern  aircraft 
communicates  with  the  pilot.  As  shown 
in  Figure  1,  electronic  MFDs,  capable  of 
providing  video,  graphics,  and  text 
images  can  replace  entire  clusters  of 
dedicated  instruments  and  can  clearly 
present  sensor  video  or  ground  maps, 
as  well  as  navigation,  aircraft  systems 
status,  and  tactical  information.  In  aero¬ 
space  electronics,  where  access  to  infor¬ 
mation  must  be  quick  and  accurate,  a 
picture  is  worth  more  than  a  thousand 
words  [or  numbers). 

The  first  avionics  MFDs  appeared  in 
the  early  1960s,  using  ruggedized  tele¬ 
vision-type  cathode  ray  tubes  (CRTs)  as 
the  display  medium.  These  early  MFDs 
were  characterized  by  durability  (good) , 
ambient  viewability  (good),  viewing 
area  (limited),  bulk  and  weight  (high), 
color  (green)  and  reliability  (good  but 
not  great).  Despite  their  shortcomings, 
they  were  widely  adapted,  because  of 
their  clear  superiority  over  fixed  gauges 


and  also  because  they  could  be  tailored  to  fit  the 
needs  of  a  variety  of  different  aircraft. 

Like  dinosaurs,  however,  their  adaptability  had 
limits.  As  aircraft  cockpits  became  more  sophisti¬ 
cated,  increases  in  the  information  volume  led  to 
the  need  for  better  display  performance  (full-color, 
larger  viewing  area,  higher  resolution,  enhanced 
contrast  and  brightness,  etc.).  Improved  CRTs 
could  meet  only  some  of  these  needs,  and  even 
then  often  at  the  expense  of  unacceptable  increas¬ 
es  in  weight,  bulk,  and  power  dissipation.  As  a 
result,  the  industry  began  to  look  for  alternative 
(flat  panel)  display  media  for  future  MFDs.  Flat 
panel  display  systems  may  be  designed  for  either 
direct- view  (large  flat  panels)  or  projection- view 
(flat  panel  microdisplays)— both  design  approach¬ 
es  enable  significant  reductions  in  weight,  bulk, 
and  power  dissipation  relative  to  CRT  devices 
while  simultaneously  providing  dramatically  supe¬ 
rior  performance. 

Flat  Panels:  The  Next  Generation 

Despite  their  ability  to  fill  niches  in  the  commer¬ 
cial  marketplace,  some  flat  panel  technologies, 
such  as  electroluminescent  or  plasma  display  pan¬ 
els,  simply  cannot  provide  adequate  performance 
for  avionics  applications,  while  newer  technolo¬ 
gies  such  as  field-emission  displays  or  organic 
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light-emitting  displays  remain  years  away  from 
fruition.  On  the  other  hand,  active  matrix  liquid 
crystal  displays  (AMLCDs),  the  technology  used  in 
notebook  computers,  are  capable  of  high  resolu¬ 
tion,  full  color,  and  most  of  the  performance  need¬ 
ed  for  avionics  use,  particularly  when  combined 
with  special  wide-range  backlights  designed  for 
day  and  nighttime  use. 

Beginning  in  the  early  1990s,  as  AMLCDs 
began  their  ascendancy  in  the  commercial  mar¬ 
ketplace,  several  suppliers  announced  their 
intention  to  develop  custom  AMLCDs  for  avion¬ 
ics  and  other  specialty  markets.  Coupled  with 
the  need  for  improved  performance,  this  led  to  a 
rush  to  incorporate  AMLCD-based  MFDs  into 
new  cockpit  designs.  The  days  of  the  CRT  were 
over.  AMLCDs  were  touted  by  some  as  the  ulti¬ 
mate  avionics  display  medium. 

This  may  have  been  a  bit  of  an  overstatement. 
The  commercial  success  of  direct-view  AMLCDs 
has  been  based  on  enormous  investments  and 
high-volume  manufacturing  of  standard  products. 
These  factors  are  not  shared  by  U.S.  manufactur¬ 
ers  of  custom  panels  who,  facing  high  costs  and 
poor  yields,  have  proven  unable  to  sustain  them¬ 
selves  in  business.  Reductions  in  the  domestic 
U.S.  direct-view  AMLCD  supplier  base  have  led  to 
skyrocketing  costs  and  even  delayed  completion 
of  new  aircraft. 

As  a  result,  the  avionics  community  has  faced 
pressure  to  try  to  design  cockpits  around  standard 
commercial  AMLCDs  or  to  purchase  capacity  for 
custom  runs  at  Asian  commercial  fabrication  facil¬ 
ities.  In  many  instances  adapting  to  commerical 
standards  is  simply  not  possible.  A  key  issue  is 
size.  Most  commercial  displays  are  rectangular, 
while  aircraft  installations 
typically  require  square  dis¬ 
plays  (with  unforgiving 
dimensional  constraints). 

Additional  issues  such  as 
environmental  compatibility 
and  viewing  angle  often 
mandate  the  use  of  custom 
or  semi-custom  AMLCDs  as 
well. 


Fixing  the  Supplier 
Problem 

In  an  effort  to  address 
size/form  factor  issues,  sever¬ 
al  groups  have  been  investi¬ 
gating  the  “re-shaping”  of 
commercial  flat  panels, 
whereby  standard  AMLCDs 
are  cut  down  to  fit  into  spe¬ 
cific  cockpit  installations,  fol¬ 
lowing  which  needed 


ruggedization  can  be  accomplished. 
This  approach  shows  promise,  although 
not  all  dimensional  requirements  can  be 
satisfied,  and  there  are  limitations  to  the 
performance  that  can  be  attained. 

Another  promising  approach  is  a  new 
class  of  avionics  MFDs  based  on  rear- 
projection  technology.  The  core  of  a 
projection  MFD  is  the  “image  engine,” 
containing  high-resolution  microdis¬ 
plays  and  color  management  optics. 
The  engine  is  illuminated  by  a  high-effi¬ 
ciency  arc  lamp,  and  its  output  is  cou¬ 
pled  to  a  high-contrast  screen  via  pro¬ 
jection  optics.  Unlike  direct  view  dis¬ 
plays,  a  common  image  engine  and  illu¬ 
mination  system  can  be  used  in  multi¬ 
ple  applications  regardless  of  screen 
size  or  form  factor,  using  the  projection 
optics  to  scale  the  image  to  fit  the 
screen.  This  enables  the  use  of  identical 
commercial-off-the-shelf  (COTS)  com¬ 
ponents  and  subassemblies  for  multiple 
programs,  resulting  in  reduced  costs 
and  shorter  development  cycles. 

Avionics  Projection  MFDs 

Projection  technology  has  been  under 
development  at  Kaiser  Electronics  since 
1996,  resulting  in  a  number  of  proto¬ 
types  ranging  in  size  from  6x6  inches 
to  8  x  20  inches,  ah  using  similar  com¬ 
ponents,  as  illustrated  in  Figure  2. 

Projection  displays  are  currently 
under  development  for  the  Primary 
continued  on  next  page 
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Figure  2.  One  size  fits  all:  Projection  MFDs  use  common  components 


Human  Systems  IAC  GATEWAY  Volume  XI:  Number  4 


7 


http://iac.dtic.mil/hsiac 


http://iac.dtic.mil/hsiac 


continued  from  previous  page 


Figure  3.  Projection  MFDs  in  the  F-22  and  F/A-18E/F 


For  more  information, 
please  contact: 

Michael  Kalmanash 
Kaiser  Electronics 
2701  Orchard  Parkway 
San  Jose,  CA  95134 

Tel:  408-432-3000, 

ext.  1657 

Fax:  408-954-1042 

E-mail:  kalmanashm@ 
kaisere.COM 

Michael  Kalmanash  is  a 
Senior  Scientist  at  Kaiser 
Electronics,  in  San  Jose, 
California,  where  he  has 
been  employed  for  18  years, 
conducting  research  in 
advanced  display  technology. 


Multifunction  Display  (PMFD)  for  the 
F-22  aircraft  as  well  as  the  Digital 
Expandable  Color  Display  (DECD)  for 
the  F/A-18E/F,  as  illustrated  in  Figure 
3.  Despite  their  size  differences  (the 
PMFD  has  an  8  x  8  inch  screen  while 
the  DECD  is  6  x  6  inches),  both  of  these 
units  incorporate  common  core  sub- 
assemblies,  which  significantly  reduces 
costs  for  both  programs.  Additionally, 
Lockheed-Martin  has  selected  Kaiser 
projection  technology  for  the  Joint 
Strike  Fighter  aircraft,  and  prototype 
units  have  been  delivered  to  Lockheed 
for  evaluation  and  demonstration. 

Summary 

Spiraling  costs  and  supplier  uncer¬ 
tainty  have  raised  concerns  about  the 
future  viability  of  direct  view  AMLCDs 
for  avionics  applications.  Rear  projec¬ 
tion  display  technology  based  on  COTS 
components  is  emerging  as  an  attractive 
alternative,  offering  cross-platform  com¬ 
monality,  lower  costs,  and  multi-source 
availability  of  key  components.  Using 
this  approach,  the  potential  exists  for 
what  may  well  be  the  ultimate  avionics 
display,  the  reconfigurable  panoramic 
cockpit  system  shown  in  Figure  4 .■ 


Figure  4.  Projection  technology  enables  the  “ulti¬ 
mate”  cockpit  display 
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HFES  Publications 


ew  from  HFES! 


Macroergonomics: 

An  Introduction  to 

Work  System  Design 

By  Hal  W.  Hendrick 
and  Brian  M .  Kleiner 

This  concise,  comprehensive  overview 
of  macroergonomics — the  subdisci¬ 
pline  of  human  factors/ergonomics  that 
deals  with  the  analysis  and  design  of 
work  systems — is  ideal  for  those 
involved  in  organizational  design  and 
management,  environmental  design, 
safety,  industrial  workplaces,  and 
related  areas.  New  in  the  HFES  series 
“Issues  in  Human  Factors  and  Ergo¬ 
nomics,”  Macroergonomics  covers 
development  of  the  subdiscipline  of 
macroergonomics,  its  theory  and 
methods,  sociotechnical  analysis  and 
design  of  work  system  structure,  socio¬ 
technical  analysis  and  design  of  work 
system  process,  macroergonomics 
results  with  laboratory  and  case  studies, 
future  directions,  and  a  glossary. 

The  book  is  also  an  excellent  supple¬ 
ment  for  undergraduate  and  graduate 
courses  in  human  factors  and  related 
disciplines. 

ISBN  0-945289-14-6,  5  V2  x  8  Zi", 
paperbound,  200  pages.  $35  for  HFES 
members,  $40  for  nonmembers.  Add 
$7  for  US  shipping,  $10  non-US. 
Shipping  January  2001. 


Readings  in  Training 

and  Simulation: 

A  30-Year  Perspective 

Edited  by  Robert  1/1/.  Swezey 
and  Dee  H.  Andrews 

The  influence  of  modeling  and  simu¬ 
lation  on  training  in  a  broad  range 
of  areas  (aerospace,  health  care,  and 
transportation,  to  name  a  few)  has 
grown  considerably  in  the  last  decade. 
Readings  in  Training  and  Simulation 
samples  three  decades  of  theory  and 
practice  in  individual  and  team  training 
drawn  from  the  HFES  journal.  Human 
Factors,  and  annual  meeting  proceed¬ 
ings.  This  book  “provides  a  broad  per¬ 
spective  on  progress  in  individual  and 
team  training  and  training  technology” 
(Harold  P.  Van  Cott,  from  the  Fore¬ 
word).  Sections  cover  transfer  of  train¬ 
ing,  training  methods,  training  devices 
and  simulators,  and  application  areas 
such  as  flight  training,  maintenance 
training,  and  training  evaluation.  It 
is  ideal  for  professionals  in  industrial 
and  military  training  communities, 
those  who  teach  about  training  media 
and  technology,  K-12  educators,  and 
students  in  undergraduate  or  graduate 
human  factors  and  related  courses. 

ISBN  0-945289-15-4,  6%  x  10", 
paperbound,  464  pages.  $40  for  HFES 
members,  $50  for  nonmembers.  Add 
$7  for  US  shipping,  $10  non-US. 
Shipping  January  2001. 


Send  order  with  payment  (check  in  US$, 
MasterCard, VISA,  American  Express; 
California  sales  tax  applies)  to: 

Human  Factors  and 
Ergonomics  Society 

P.O.  Box  I  369 

Santa  Monica,  CA  90406-1369  USA 
Fax  3 1 0/394- 1811,  info@hfes.org 


HFES 

Presents 
An  Interview 
with 

ALPHONSE 

(JHAPANIS 

John  B.  Shafer, 


P.O.  Box  1369 


Human  Factors 
Pioneer 

Alphonse  Chapanis 

HFES  announces  a  new  video  featuring 
an  interview  with  human  factors/ergo¬ 
nomics  pioneer  Alphonse  Chapanis.  In 
addition  to  a  broad-ranging  discussion 
of  Chapanis’s  work  and  interests,  the 
video  contains  photos  and  illustrations 
from  Chapanis’s  own  collection.  Topics 
include  his  contribution  to  the  Johns 
Hopkins  Systems  Research  Project, 
which  led  to  publication  of  the  text 
Applied  Experimental  Psychology,  his 
work  on  the  “touch-tone”  configuration 
on  Bell  Fabs  telephones,  and  his  teach¬ 
ing  and  consulting  experiences.  The 
video  was  produced  by  interviewer 
John  Shafer.  VHS,  30  min.  $30  for 
HFES  members,  $40  for  nonmembers. 
Add  $7  for  US  shipping,  $10  non-US. 


Special  offer: 


Save  $4  when  you  purchase  both  the 
video  and  Chapanis’s  recently  released 
autobiography,  The  Chapanis  Chronicles: 
50  Years  of  Human  Factors  Research, 
Education  and  Design  (Aegean  Publish¬ 
ing,  retail  $34).  Book  +  video:  $60  for 
members,  $70  for  nonmembers.  Add 
$  1 0  for  US  shipping,  $  1 5  non-US. 
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Columbus,  OH,  USA.  March  3-6,  2001 

11th  International  Aviation  Psychology  Symposium 

Contact  Dr.  Richard  Jensen,  Aviation  Psychology  Symposium,  318  Aviation  Building,  The 
Ohio  State  University,  164  West  19th  Avenue,  Columbus,  OH  43210-1110,  USA. 

Tel:  +1-614-292-2405  or  +1-614-292-3533,  Fax:  +1-614-292-1014, 

E-mail:  isap@osu.edu,  URL:  http://aviation.eng.ohio-state.edu 

San  Diego,  CA,  USA.  March  13-15,  2001 

The  Advanced  Technology  Electronic  Defense  System  (ATEDS)  and  Tactical  Situational 
Awareness  (SA)  Symposium  and  Exhibition 

Contact:  Tom  Assenmacher,  Symposium  Coordinator,  Naval  Aviation  Systems  Team 
(4. 6. 4. 2),  Building  2187,  Suite  2280,  48110  Shaw  Road,  Unit  5,  Patuxent  River,  MD 
20670-1906,  USA.  Tel:  +1-301-342-0026,  E-mail:  assenmachetj@navair.navy.mil, 

URL:  http://pma202.navair.navv.mil/sas/2001  svmposium.html 


Yellow  Springs,  OH,  USA.  April  10-12,  2001 

Essentials  of  Anthropometry. 

Contact:  Anthrotech,  503  Xenia  Avenue,  Yellow  Springs,  OH  45387,  USA. 

Tel:  +1-937-767-7226,  Fax:  +1-937-767-9350,  Email:  belva@anthrotech.net, 

URL:  http://www.anthrotech.net 

Orlando,  FL,  USA.  April  16-20,  2001 

Cockpit  Display  VIII:  Displays  for  Defense  Applications. 

SPIE  15th  International  Symposium  on  AeroSense 

Contact:  Dr.  Darrel  Hopper,  U.S.  Air  Force  Research  Laboratory  Crew  System  Interface 
Division,  AFRL/HEC,  2255  H  Street,  Wright-Patterson  AFB,  OH  45433-7022,  USA. 

Tel:  +1-937-255-8822,  Fax:  +1-937-255-8366,  E-mail:  darrel_hopper@wpafb.af.mil, 
URL:  http://spie.org 


Colorado  Springs,  CO,  USA.  May  14-17,  2001 

46th  Biennial  Meeting  of  the  U.S.  Department  of  Defense  Human  Factors 

Engineering  Technical  Advisory  Group 

Contact:  Ms.  Sheryl  Cosing,  10822  Crippen  Vale  Court,  Reston,  VA  20194,  USA. 

Tel:  +1-703-925-9791,  Fax:  +1-703-925-9644,  E-mail:  sherylynn@aol.com, 

URL:  http://dticam.dtic.mil/hftao/.  Meeting  is  open  to  all  government  personnel  and  others 
by  specific  invitation. 


San  Jose,  CA,  USA.  June  3-8,  2001 

Society  for  Information  Display  International  Symposium  and  Exposition 

Contact:  URL:  http://www.sid.org 
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Look  for  the  Human  Systems  IAC  exhibit  at  these  meetings! 


Fairfax,  VA,  USA.  June  4-7,  2001 

XV  Annual  International  Occupational  Ergonomics  and  Safety  Conference 

Contact:  Paul  Champney  Tel:  +1-509-786-4689;  E-mail:  pchamp@quicktel.com; 

URL:  http://www.ISOES.org 

Arlington,  VA,  USA.  June  26-28,  2001 

SAE  Digital  Human  Modeling  for  Design  and  Engineering  Conference  and  Exposition 

Contact:  Paula  Preston,  SAE  International,  400  Commonwealth  Drive,  Warrendale,  PA 
15096-0001,  USA.  Tel:  +1-724-772-7131,  Fax:  +1-724-776-0002, 

E-mail:  meetings@sae.org,  URL:  http://www.sae.org/dhmc 


New  Orleans,  LA,  USA.  August  5-10,  2001 

HCI  International  2001 . 9th  International  Conference  on  Human-Computer  Interaction 

Contact:  Kim  Gilbert,  School  of  Industrial  Engineering,  Purdue  University,  1287  Grissom 
Hall,  West  Lafayette,  IN  47907-1287,  USA.  Tel:  +1-765-494-5426, 

Fax:  +1-765-494-0874,  URL:  http://hcii2001  .engr.wisc.edu 


Kassel,  Germany.  September  18-20,  2001 

8,h  IFAC/IFIP/IFORS/IEA  Symposium  on  Analysis,  Design,  and  Evaluation  of 

Human-Machine  Systems  (HMS) 

Contact:  Gunnar  Johannsen. 

URL:  http://www.imat.maschinenbau.uni-kassel.de/hms2001/callforpapers.html 


Minneapolis,  MN,  USA.  October  8-12,  2001 

45th  Annual  Meeting  of  the  Human  Factors  and  Ergonomics  Society 

Contact:  HFES,  PO  Box  1369,  Santa  Monica,  CA  90406,  USA.  Tel:  +1-310-394-1811, 
Fax:  +1-310-394-9793,  E-mail:  hfes@compuserve.com,  URL:  http://hfes.org 
Proposals  due  March  19,  2001. 


Monterey,  CA,  USA.  November  2001 

47th  Biennial  Meeting  of  the  U.S.  Department  of  Defense  Human  Factors 
Engineering  Technical  Advisory  Group 

Contact:  Ms.  Sheryl  Cosing,  10822  Crippen  Vale  Court,  Reston,  VA  20194,  USA. 

Tel:  +1-703-925-9791,  Fax:  +1-703-925-9644,  E-mail:  sherylynn@aol.com, 

URL:  http://dticam.dtic.mil/hftag/.  Meeting  is  open  to  all  government  personnel  and  others 
by  specific  invitation. 
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Head-Up  and 

Helmet-Mounted  Displays 


C.  T.  Bartlett  and 
A.  A.  Cameron 


The  head-up  display  (HUD)  has 
been  a  vital  information  medi¬ 
um  in  the  military  cockpit  since 
the  first  installation  in  the  United 
Kingdom  Royal  Navy  Buccaneer  in 
1961.  In  more  recent  years  some  HUD 
installations  have  become  classified  as 
primary  flight  instruments. 

The  helmet-mounted  display  (HMD) 
has  a  long  development  history  with 
early  versions  already  fielded  by  sever¬ 
al  countries,  including  Russia  and  Israel 
(Adam,  1997;  Bartlett,  2000;  Rastikis, 
1998).  Only  recently  have  HMD  pro¬ 
duction  programs  begun  to  emerge  in 
the  US  and  UK.  The  initial  installation 
has  often  been  in  the  form  of  a  sight 
where  the  capability  to  launch  off-bore- 
sight  weapons  was  added  to  the  exist¬ 
ing  capability  of  the  HUD  as  a  weapon 
release  system.  The  more  complex 
HMDs  offer  the  display  capability  of  a 
HUD  with  the  advantage  of  being  able 
to  see  that  display  within  a  large  range 
of  head  motion. 

Head-Up  Displays 

The  HUD  has  been  proven  over  many 
years  to  be  a  means  of  providing  vital 
flight,  navigation,  aircraft  data,  and 
weapon  release  parameters.  The  earliest 
gunsights  provided  little  more  function¬ 
ality  than  an  aiming  system  for  the  guns, 
but  with  the  introduction  of  increasingly 
sophisticated  computational  capability, 
complex  manual  air-to-air  and  air-to- 
ground  weapon  release  became  possible 
with  enhanced  accuracy.  Now  the  HUD 
usually  forms  part  of  an  integrated 
weapon  aiming  and  release  system 
where  automatic  modes  of  release  are 
programmed  in  for  the  different  weapon 
stores  and  release  conditions. 

In  recent  years  it  has  been  possible  to 
introduce  sensor  video  from  forward- 
looking  infrared  (FLIR)  video-imaging 


sensor  onto  the  HUD  such  that  operation  by  night 
can  be  achieved  with  much  the  same  capability  as 
daytime  operation.  The  HUD  can  provide  cursive- 
ly  drawn  symbology  in  a  high  luminance  mode  for 
day  operation,  and  it  also  can  draw  the  same  suite 
of  symbology  over  the  raster  video  scene  at  night 
at  a  much  lower  luminance. 

The  HUD’s  field  of  view  was  not  initially  an 
important  issue  when  the  HUD  was  used  solely  as 
a  sight,  because  the  guns  were  rigidly  fixed  to  the 
airframe  and  the  whole  aircraft  was  turned 
towards  the  target.  A  20“  total  field  of  view  is 
entirely  adequate  for  this  role.  However  a  large 
field  of  view  is  highly  desirable  to  reduce  the 
workload  of  a  pilot  using  the  HUD  to  fly  at  low 
level,  to  provide  “look  into  turns”  and  to  compen¬ 
sate  for  changes  in  angle  of  attack  caused  by  vari¬ 
ations  in  weight,  stores,  or  speed.  By  day  at  low 
level  flight  the  peripheral  cues  of  surrounding  ter¬ 
rain  received  by  the  pilot  are  an  important  feature, 
but  at  night  these  cues  are  missing. 

In  the  latest  generation  of  fast  jets  such  as 
Eurofighter  and  Grippen,  the  field  of  view  of  the 
HUD  is  designed  to  be  as  large  as  possible.  The 
HUD  in  these  aircraft  is  a  primary  flight  instru¬ 
ment  and  a  HMD  is  either  not  fitted,  used,  or  no 
more  than  a  missile  release  site. 

BAE  SYSTEMS  has  developed  an  operational 
military  HUD  for  the  Eurofighter  2000  (see  Figure 

1) .  This  has  a  single  element  “diffractive”  com¬ 
biner  using  new  computer-generated  holographic 
techniques  to  take  out  the  distortion.  The  com¬ 
biner  is  flat,  which  minimizes  real-world  distor¬ 
tion  and  has  a  field  of  view  of  30°  x  25°.  This 
design  is  capable  of  cursive,  raster,  and  hybrid 
operation,  and  is  sunlight  readable.  The  minimal 
support  structure  for  the  combiner  optic  is  mini¬ 
mized  in  size  to  give  pilots  optimum  visibility  for 
air-to-air  combat  while  maintaining  a  highly  rigid 
mount.  The  two-seat  variant  of  the  Eurofighter 
has  a  similar  HUD  in  the  rear  seat  that  can  display 
video  from  the  forward  HUD  camera  (see  Figure 

2) .  This  design  is  based  on  current  component 
technologies.  A  key  design  feature  is  system 
integrity:  the  HUD  is  so  reliable  that  the  pilot  no 
longer  needs  to  monitor  the  HUD  against  other 
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Figure  1.  The  Eurofighter  head-up  display 


instruments,  thus  reducing  workload  for  the  sin¬ 
gle-seat  Eurofighter  2000  compared  to  the 
Tornado,  for  example.  Such  a  HUD  is  a  true  pri¬ 
mary  flight  instrument  in  that  it  does  not  need  to 
be  compared  against  the  standard  instruments  to 
ensure  integrity.  An  earlier  implementation  of  a 
HUD  as  a  primary  (i.e.,  high-integrity)  flight 
instrumentation  system  is  now  operational  on  the 
BAE  SYSTEMS  HUD  fitted  to  the  C-17  transport 
(see  Figure  3).  The  C-17  HUD  was  designed  by 
BAE  SYSTEMS  for  Lockheed-Martin  in  the  US  and 
introduced  high  integrity  via  the  avionics  concept 
of  dual  dissimilar  processors  with  backward  path 
monitoring,  a  concept  pioneered  in  digital  avionic 
flight  control  systems. 

Helmet-Mounted  Displays 

The  major  drawback  of  a  HUD  is  that  the  dis¬ 
play  is  in  a  fixed  forward  position  and  it  is  always 
necessary  to  turn  the  aircraft  to  bring  the  display 


over  the  target.  A  large  field  of  view  for 
the  HUD  improves  this,  but  it  is  still  a 
very  small  proportion  of  the  pilot’s 
potential  head  movement  and  the  best 
HUD  field  of  view  is  still  inadequate  to 
encompass  the  off-boresight  launch 
angle  of  modern  missiles. 

The  solution  is  to  put  the  display  on 
the  pilot’s  head  so  that  the  image  is 
always  located  where  he  is  looking. 
This  concept  is  the  helmet-mounted 
display,  by  which  the  appropriate  data 
can  be  displayed  accurately  aligned  to 
the  real  world  in  virtually  whichever 
direction  the  pilot  is  looking.  A  HMD 
may  not  resolve  the  issue  of  peripheral 
cues,  but  the  ability  to  scan  the  envi¬ 
ronment  is  a  big  improvement. 

The  use  of  a  helmet-mounted  system 
for  sighting  is  well  established  and  BAE 
SYSTEMS  has  such  a  system  on  the 
Royal  Air  Force  Jaguar  (shown  in 
Figure  4) .  The  application  to  a  full  day 
and  night  capability  has  taken  longer 
and  initial  usage  has  been  on  helicop¬ 
ters  such  as  the  German  Tiger  (shown 
in  Figure  5).  The  BAE  SYSTEMS  Striker 
helmet  shown  in  Figure  6  has  been 
designed  for  flexibility;  can  be  mount¬ 
ed,  depending  upon  the  mission  (day, 
night);  and  has  an  open  systems  archi¬ 
tecture  design  that  enables  future  capa¬ 
bilities  to  be  readily  added  when 
research  permits  (e.g.,  audio  integrated 
into  the  day/night  visual  systems) .  The 
basic  system  provides  a  40°  fully  over¬ 
lapped  binocular  display  with  a  high 

continued  on  next  page 


Figure  2.  Two-seat  variant  of  the  Eurofighter  for  the  rear  seat 
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For  more  information, 
please  contact: 

Christopher  T.  Bartlett 
BAE  SYSTEMS 
Display  Systems  Group 
Airport  Works 
Rochester,  Kent  ME1  2XX 
United  Kingdom 

Tel:  +44-1634-814726 

Fax:  +44-1634-816037 

E-mail  chris.bartlett@ 
baesystems.com 

Christopher  Bartlett  is  Chief 
Technologist,  Technical 
Directorate,  BAE  SYSTEMS, 
Rochester,  United  Kingdom 
with  emphasis  on  the  strategic 
development  of  technologies 
into  current  or  new  business 
areas.  A.  A.  Cameron  is  Chief 
Systems  Engineer,  Airborne 
Displays  Directorate,  BAE 
SYSTEMS,  Rochester,  United 
Kingdom. 


Figure  3.  The  C— 17  head-up  display 


Figure  4.  The  Jaguar  helmet-mounted 
sight 


Figure  5.  The  helmet-mounted  display  for 
the  German  Tiger  helicopter 


luminance  cursive  mode  and  video 
mode  with  symbology  overlay. 

There  is  a  clear  distinction  here 
between  HMD  and  helmet-mounted 


sighting  systems.  Sighting  systems  allow  high  off- 
boresight  weapons  aiming  and  employment. 
Displays,  on  the  other  hand,  include  flight  param¬ 
eters,  such  as  height,  heading,  altitude,  and  air¬ 
speed,  as  well  as  being  able  to  display  video 
imagery  from  FLIR  or  night-vision  sensors.  This  is 
one  of  the  most  important  tactical  advances  tech¬ 
nology  has  offered  the  fighter  pilot.  For  example  it 
allows  the  pilot  to  remain  visually  focused  on  the 
target  without  having  to  go  “heads  in”  to  check 
altitude  for  a  high-to-low  conversion.  Having  tar¬ 
get  designator  (TD)  boxes  no  longer  confined  to 
the  field  of  view  of  the  HUD  is  another  huge  ben¬ 
efit  of  HMD’s.  However  care  has  to  be  taken  not 
to  visually  overload  the  pilot  or  obscure  the  view 
of  the  outside  world. 

What  About  the  Future? 

There  is  a  growing  need  to  provide  the  pilot 
with  critical  tactical  information  while  maintain¬ 
ing  his  visual  and  cognitive  workload  within 
known  limitations.  Retrofit  of  such  displays  is 
constrained  by  existing  cockpit  geometry  and 
although  new  aircraft  offer  more  flexibility  in  the 
cockpit  layout,  the  HMD  offers  the  best  solution. 
It  is  foreseen  that  there  will  be  a  growing  need  for 
a  helmet-mounted  audio-visual  system  because 
information  needs  to  be  presented  in  a  form  that 
allows  rapid  assimilation  and  minimizes  work¬ 
load.  Flight  tests  and  laboratory  experience  show 
that  visual  and  audio  presentation  should  be  syn¬ 
ergistic,  if  correctly  integrated.  For  example,  active 
noise  reduction  (ANR)  is  of  real  benefit  in  high 
cockpit  noise  levels  as  it  supplements  passive 
techniques  and  reduces  crew  fatigue.  ANR  there¬ 
fore  creates  an  environment  where  aural  senses 
can  be  used  to  advantage  permitting  two-  and 
three-dimensional  sound  cues  to  be  presented  to 
augment  visual  information  transfer. 

If  the  HMD  is  to  be  used  as  a  tactical  informa¬ 
tion  display  it  will  need  a  larger  field  of  view,  a 
binocular  presentation  and  possibly  a  color  dis¬ 
play.  The  extra  cost  of  enhancements  such  as 
color  has  to  provide  a  demonstrable  performance 
advantage.  Such  an  HMD  may  also  be  a  cost-effec¬ 
tive  solution  for  operating  in  a  high-threat  (e.g., 
agile  laser)  environment  by  providing  a  “virtual 
reality”  capability. 

Other  technologies  may  be  integrated  such  as  a 
non-CRT  display,  3D  visuals,  3D  audio,  ANR,  and 
integrated  NBC  protection.  Head-borne  weight 
must  be  reduced  and  the  performance  of  the  hel¬ 
met  tracker  enhanced,  providing  an  unlimited 
head  motion  box  and  a  lag-free  output.  This  capa¬ 
bility  must  be  achieved  within  a  small  volume  and 
at  low  cost  within  the  weight  and  center  of  gravi¬ 
ty  constraints  of  producing  a  safe  helmet. 


14 


Human  Systems  IAC  GATEWAY  Volume  XI:  Number  4 


Figure  6.  The  “Striker”  helmet-mounted  display 

The  military  HUD  has  probably  reached  the 
limit  of  its  development.  The  size  and  weight  of 
the  optical  system  and  parallel  costs  really  pre¬ 
clude  any  significant  increase  in  field  of  view. 
There  are  still  important  areas  of  application. 
HUD’s  will  increasingly  be  installed  in  transport 
aircraft  where,  as  safety  critical  instruments,  the 
integrity  of  these  HUDs  will  be  paramount 
because  they  have  become  primary  flight  instru¬ 
ments  (i.e.,  safety  critical  certification  is 
required) . 

The  major  area  of  improvement  to  both  HUD 
and  particularly  HMD  will  be  the  introduction  of 
flat  panel  displays  (FPD).  This  change  will  elimi¬ 
nate  the  unreliable  high-voltage  power  supply  and 
the  costly  analogue  drive  circuits.  The  CRT  is  not 
particularly  unreliable,  but  it  is  bulky  and  uses 
considerable  power.  The  FPD  permits  the  intro¬ 
duction  of  color,  but  there  are  human  factors 
issues  of  the  acceptability  of  a  “pixellated”  display 
to  be  resolved  and  the  long-term  commercial 
availability  is  a  pressing  issue. 

In  the  military  field  HMDs  are  beginning  to 
appear  in  both  helicopters  and  fast  jets,  but  until 
they  can  offer  the  same  accuracy  and  integrity  as 
the  HUD,  it  seems  the  HUD  will  remain  for  some 
years  as  a  high-accuracy  on-boresight  display.  ■ 

References 

Adam,  E.  C.  (1997).  Tactical  Cockpits— The 

Coming  Revolution.  In  Proceedings  of  SPIE 

3057,  21-28. 


Flexible  tools  for  human  factors 
and  ergonomics  research 


www.ihMumhi 


*  The  ctaerve*'  ■  Pro'ciiion^i^icm  for<r?ikciion,  410^1  rtd 
rnSruigcncnt  of  GbSirvittortil  data  For  desktop  4r  mobile  dads 
entry,  'IK*'  from  mdeo, 

*  Observational  labs  Tai  or  mace  systems-  tor 
observational  research  or  usability  tests,  Mob  'f, 
semi  jjortabcard  station^  designs  ava  labto. 


YMJi.4 
Fha-e.  rl.ni414.SSK 


VuggnnjCT. 

ThiHrtuilindi 

thm  •JH17-HJWT 
E  mat  inraOndcus  n 

Frctbura,  Gcnraip 

E  mat  inthBncUiE  etc 


Noldus 

iMFQHWMQfl  iLtnnOlK'r 


If  your  address  label  does  NOT  include  a  complete  street 
address,  PO  Box,  or  ZIP  code,  please  provide  us  with  this  infor¬ 
mation.  We  are  trying  to  comply  with  the  regulations  of  the  U.S. 
Postal  Service.  Without  this  information,  we  cannot  guarantee 
your  continued  receipt  of  Human  Systems  IAC  GATEWAY. 

Please  E-mail  changes  to:  jeff.landis@wpafb.af.mil  or  mail 
changes  to: 

Human  Systems  IAC  GATEWAY 

AFRL7HEC/HSIAC  BLDG  196 
2261  MONAHAN  WAY 
WPAFB  OH  45433-7022 


Bartlett,  C.  T.  (2000).  Head-Up 
Displays  and  Helmet-Mounted 
Displays— A  Comparison  of 
Accuracy  and  Integrity.  In 
Proceedings  of  SPIE  4022,  422-429. 

Rastikis,  L.  (1998).  Human-Centered 
Design  Project  Revolutionizes  Air 
Combat.  In  CSERIAC  Gateway,  IX 
(1),  1-6. 


Human  Systems  IAC  GATEWAY  Volume  XI:  Number  4 


15 


http://iac.dtic.mil/hsiac 


http://iac.dtic.mil/hsiac 


Decision  Support  Displays  for 
Military  Command  Centers: 

Enabling  Knowledge-Centric  Warfare  for 
Fleet  Decision-Makers 

Jeffrey  G.  Morrison 


Figure  1.  The  TADMUS  Decision  Support  System 


defensive  actions  were  taken  against  imminent 
threats.  Furthermore,  false  alarms  were  reduced 
by  44%  and  correct  detection  of  threat  tracks 
increased  by  22  % .  These  findings  suggest  that  the 
prototype  DSS  enhanced  the  commanders’  aware¬ 
ness  of  the  tactical  situation,  which  in  turn  con¬ 
tributed  to  greater  confidence,  lower  workload, 
reduced  errors  in  adherence  to  rules  of  engage¬ 
ment,  and  more  effective  performance. 

The  Chief  of  Naval  Operations’  Strategic  Studies 
Group  XVI  report  Command  21 — Speed  of 
Command  recognized  the  significance  of  the  TAD¬ 
MUS  work  and  that  its  results  were  more  broadly 
applicable.  They  concluded  that: 


The  Space  and  Naval  Warfare 
Systems  Center-San  Diego 
(SSC-SD),  with  sponsorship 
from  the  Office  of  Naval  Research 
(ONR),  has  been  striving  to  develop 
improved  displays  based  on  decision 
support  technology  for  military  deci¬ 
sion-making  for  over  ten  years.  At  the 
center  of  this  effort  has  been  the 
Tactical  Decision-Making  Under  Stress 
(TADMUS)  project  and  its  successors. 
The  TADMUS  project  was  spawned  by 
the  1988  USS  Vincennes  incident  where 
an  Aegis  cruiser,  engaged  in  a  littoral 
warfare  peacekeeping  mission  shot 
down  an  Iranian  Airbus  after  mistaking 
it  for  a  tactical  threat.  Investigations 
following  the  incident  suggested  that 
stress  may  have  affected  decision-mak¬ 
ing  and  that  these  effects  were  not  well 
understood.  The  TADMUS  project  was 
established  to  address  these  concerns. 

The  TADMUS  project  developed  a 
series  of  prototype  decision-support 
tools  that  ultimately  came  to  be  embod¬ 
ied  as  the  integrated  Decision  Support 
System  (DSS),  illustrated  in  Figure  1. 
The  DSS  research  showed  that  when 
tactical  decision  makers  had  the  proto¬ 
type  DSS  available,  significantly  fewer 
communications  were  needed  to  clarify 
the  tactical  situation,  significantly  more 
critical  contacts  were  identified  earlier, 
and  a  significantly  greater  number  of 


•  Fleet  decision  makers  are  faced  with  too 
much  data  and  not  enough  information. 

•  Fleet  information  systems  are  often  not 
designed  to  support  the  decision  makers. 

•  Reduced  manning  requirements,  complex 
mission  requirements,  etc.  will  further  exac¬ 
erbate  the  problem. 


One  of  the  key  recommendations  to  come  out  of 
the  Command  21  report  was  that  decision  support 
technology  developed  under  the  TADMUS  project 
should  be  extended  from  single-ship  combatants 
to  higher  echelons  of  command.  The  Command  21 
Decision  Support  for  Operational  Command 
Centers  (Command  21)  project  is  addressing  this 
recommendation  by  conducting  research  into  the 
unique  requirements  of  decision-making  within 
military  operational  command  centers. 
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The  initial  Command  21  work  with  both  the 
Second  and  Third  Fleet  command  ships  has  sug¬ 
gested  that  (1)  collaboration  is  problematic  in 
these  command  centers,  and  (2)  commercial  off- 
the-shelf  (COTS)  collaboration  tools  often  are  not 
as  useful  as  might  be  expected.  Military  decision 
makers  were  found  to  engage  in  “asynchronous 
collaboration”  where  each  was  working  on  differ¬ 
ent  parts  of  a  common  problem  in  their  own  space 
and  time,  and  as  a  result,  each  having  their  own 
decision  cycle.  This  situation  is  different  from  tra¬ 
ditional  “synchronous”  collaboration  such  as 
“brain  storming.”  Staff- wide  synchronization  is 
largely  achieved  when  staff  briefings  are  given  to 
the  entire  staff  at  watch-turnover.  A  central  prem¬ 
ise  for  Command  21  is  that  “speed  of  command” 
can  only  be  achieved  when  it  is  not  necessary  to 
stop  and  prepare  briefings  so  that  command  deci¬ 
sion  makers  can  be  informed.  The  Command  21 
project  has  developed  a  concept  of  operations  for 
sharing  information  that  incorporates  unique, 
web-enabled  collaboration  “push”  tools  to  pro¬ 
vide  all  decision-makers  ready  access  to  the  best 
data  available  at  all  times. 

One  Command  21  tool  is  the  “knowledge  wall” 
illustrated  in  Figure  2.  The  wall  features  a  series  of 
windows  incorporating  decision-support  tools  tai¬ 
lored  to  the  Commander  Joint  Task  Force  (CJTF),  as 
well  as  windows  with  “summary  status”  informa¬ 
tion  being  “pushed”  from  the  anchor  desks  used  by 
liaison  officers  (LNOs)  representing  the  various  CJTF 
departments.  The  battle  watch  captain  in  charge  of 
the  command  center  can  choose  which  aspects  of 
the  situation  to  focus  on,  and  move  relevant  content 
to  the  large  panels  in  the  center  of  the  wall. 

A  watch-station  being  developed  for  DD-21  as 
part  of  the  ONR  Manning-Affordability  Advanced 
Technology  Demonstration  can  be  adapted  to  allow 
LNO  collaboration.  This  watch-station  uses  soft¬ 


ware  tools  (COTS  and  information-push 
web  applications)  together  with  com¬ 
puter  display  hardware  as  a  “knowledge 
desk”  that  enables  the  operator  to  create 
and  publish  value-added  information  to 
the  web.  A  conceptual  operator  console, 
known  as  a  “knowledge  desk,”  is  illus¬ 
trated  in  Figure  3  and  consists  of  an  inte¬ 
grated  “desktop”  spread  across  four  dif¬ 
ferent  display  surfaces.  The  top  right 
LNO  operator  display  has  been  dedicat¬ 
ed  to  routine  office  tasks  such  as  prepar¬ 
ing  briefs,  processing  E-mail,  writing 
memos,  etc.  The  top  center  display  is 
dedicated  to  providing  the  tactical  situa¬ 
tion  “big  picture”  tailored  to  the  user’s 
decision-making  needs.  The  bottom  cen¬ 
ter  display  is  a  dedicated  place  for  mon¬ 
itoring  the  execution  of  an  operational 
plan.  The  top  left  display  is  a  tool  explic¬ 
itly  designed  to  facilitate  sharing  infor¬ 
mation.  The  concept  uses  templates  to 
“push”  information  from  the  operator  to 
a  web  site  viewable  by  the  rest  of  the 
command  staff.  The  information 
“pushed”  consists  of  work  sheets, 
forms,  and  prompts  to  others  on  the 
command  staff  that  would  facilitate  their 
understanding  information  relevant  to 
their  decision-making  tasks.  The  soft¬ 
ware  tools  cause  the  information  pushed 
to  be  formatted  in  a  manner  that  others 
would  recognize  and  understand,  and 
published  to  a  shared  database  in  the 
web  environment. 

The  development  of  the  knowledge 
wall  was  greatly  accelerated  through  its 
use  as  part  of  the  Global  2000 
continued  on  next  page 


Figure  2.  Command  21  Knowledge  Wall  vision 
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53570  Silvergate  Avenue, 
Building  A33,  Room  1405 
San  Diego,  CA  92152-5143 

Tel:  619-553-9070 

Fax:  619-553-9072 

E-mail:  jmorriso@spawar. 
navy.mil 

Jeffrey  G.  Morrison,  Ph.D., 
is  an  Engineering 
Psychologist  and  Project 
Manager  with  the  Space  and 
Naval  Warfare  Systems 
Center,  San  Diego, 
California. 


Figure  3.  Conceptual  Command  21 
Knowledge  Desk 

wargame.  The  objective  of  this  game 
was  to  explore  how  the  elimination  of 
“stove  pipe”  command  and  control  sys¬ 
tems  (i.e.,  “network-centric  warfare”) 
might  change  the  way  we  perform  mil¬ 
itary  missions.  The  wall  was  designed 
given  the  COTS  hardware  and  software 
capabilities  that  exist  today  so  as  to 
minimize  development  costs,  and 
therefore  differs  from  the  original 
Command  21  Knowledge  Wall  vision. 
The  knowledge  wall  as  installed  in  the 


Figure  4.  Global  2000  Wargame 
Knowledge  Wall 

Joint  Command  Center  at  the  Naval 
War  College  can  be  found  in  Figure  4. 

The  peripheral  displays  are  intended  to 
provide  summary  information  for  each  of 
14  functional  areas  of  the  CJTF  command 
identified  through  knowledge  engineer¬ 
ing  with  the  staffs  of  the  U.S.  Navy  Third 
Fleet,  Carrier  Group  One,  and  Carrier 
Group  Three.  Each  summary  display  is 
formatted  consistently  by  using  a  tem¬ 
plate-authoring  tool  that  facilitates  the 
creation  of,  and  linking  to,  a  variety  of 
web  content  without  the  operator 
responsible  for  producing  content  know¬ 
ing  hypertext  mark-up  language  (HTML) . 
Additional  authoring  tools  were  provided 
to  facilitate  the  creation  and  publishing  of 
map-based  tactical  data.  All  pages  are 
implemented  as  HTML  pages  on  a  com¬ 


mon  server,  with  numerous  links  to  more  detailed 
pages  for  supplemental  information. 

Figure  5  shows  how  the  information  might  look 
in  a  representative  summary  display.  The  title  line 
indicates  the  functional  area  described  by  the  dis¬ 
play.  The  “stop  lights”  in  the  top  left  quadrant  are 
intended  to  be  viewable  from  15-20  feet  away, 
and  indicate  the  status  of  activities  in  various  time 
frames.  Light  colors  indicate  the  severity  of  the 
alerts  in  terms  of  their  deviation  from  the  plan. 
The  bottom  left  quadrant  provides  space  for  a 
summary  graphic  or  multi-media  object.  The  right 
side  of  the  screen  provides  space  for  amplifying 
links/headlines.  “Alerts”  describes  specific  prob¬ 
lems  within  this  domain/functional  area  that 
might  be  of  interest  to  others.  The  “Impacts”  links 
describe  the  impacts/issues  of  alerts  in  terms  of 
effects  to  other  functional  areas.  The  “Links”  area 
allows  access  to  reference  and  supplemental 
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Figure  5.  Representative  summary  display 


material.  Any  text  or  graphic  in  the  page  may  be 
linked  to  a  more  detailed  Web  page. 

The  Global  2000  wargame  showed  how  net¬ 
work-centric  warfare,  in  combination  with  deci¬ 
sion  support  and  a  Web-enabled  command  and 
control  architecture,  can  move  tomorrow’s  mili¬ 
tary  to  a  “knowledge-centric  warfare.”  At  the  start 
of  the  game,  it  was  argued  that  “speed  of  com¬ 
mand”  meant  not  having  to  stop  to  have  a  situa¬ 
tion  briefing  to  figure  out  what  was  known  across 
the  staff.  Through  the  use  of  the  knowledge  wall 
and  a  number  of  information  technology-based 
collaboration  tools,  not  one  staff  briefing  was 
required  through  eight  days  of  game  play.  The 
wall  was  used  extensively,  with  30-70  unique 
summary  pages  being  accessed  each  hour. 

Both  the  TADMUS  and  Command  21  projects 
have  empirically  demonstrated  how  the  application 
of  decision  support  technology  and  effective 
human  factors  can  improve  military  decision-mak¬ 
ing  by  turning  data  into  meaningful  information 
presented  where,  when,  and  the  way  it  is  needed.* 
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Register  nouu  to  attend  this  informative  industry  event! 


SAE  DIGITAL 

HUMAN  MODELING 

FOR  DESIGN  AND  ENGINEERING 

CONFERENCE  AND  EXHIBITION 


OUR  ROADMAP  FOR  THE  FUTURE 


June  20-23,  2001 
Hyatt  Regency  Crystal  City  at 
the  Washington  National  Airport 
Arlington,  Virginia  LI  BA 


The  Digit®  Hyman  Moefolmg  ConfoiwiM  (DHMC-]  is  the  yi-ami®r  evftnt  ter  human  performance  analys®  that 
afters  an  international  forum  for  the  exchange  of  new  ard  significant  technical  information  about  the 
development  and  eopicstion  of  digiKd  human  models.  OhMG  5001  >va  focus  on  identifying  current  industry 
challenges  and  designing  strategies  to  overcome  them. 


TecKnioaE  topic  sessions  include: 

Human  Form  ard  Shape  Metrics 
Product  Design  and  Industry  Applications 
Occupant  Safety  and  Injury  Simulation 
Posture  Prediction  Medals 
Integrated  Human  Performance  Modeling 
Measurement  and  Simulation  of  Human  Strength 
and  Comfort 

fslRC  session  on  Human  Figure  Modeling  Verification 
and  Validation 

for  additional  information  contact: 

John  Miller 
240/273-2404 
E-nisii  jrmillerOS'ase.org 


Plus. ..New  in  2001: 

»  National  Research  Council  [NRC|,  Committee  on 
Human  Factors  sessions  will  Focus  on  human  figure 
modeling  verifeation  and  validation  issues,  and  plan 
to  include  a  keynote  address,  panel  discussion  and 
technical  presentations. 

»  Product  Showcaae  in  which  venders  and  suppliers  will 
have  the  opportunity  to  demonstrate  their  products  In 
a  focused  evwironment  of  discussion  and  cooperation 
with  industry  eg^jerts 


Showcase  Your  Expertise 

Eh  hi  hit.  inn  Djitrs: 

Monday  June  25 . Product  Soorwcase 

Tuesday,  June  2G  . Product  Showcase  £  Ednihrticn 

Wednesday.  June  27 . Exhibition 

For  edOitonel  dateils.  connect: 

Barbara  A  Rptn 
724/772-4C01 
E-mail  rothSieae.org 

Sponsorship  Opportunities 

Extend  your  company's  viefeitey  by  sponsoring 
acuities  swch  ss  receptions,  bjodteone.  and 
refreshment  breaks. 

For  mere  information  cortact: 

Rebecca  Lemon. 

724/772^304 

E-men  lemon  ©sae-org 


Visit,  Vuwuu.sae.org/dlmic  Fnr  nnnfFrFnciR 
information  and  online  registration. 


¥e  request  your  linn i  program,  toflfflti  by. 


PHONE: 

J24/7JZ-71S1 


724.T7&-DDD2  ■ 


E-MAIL: 

iiiseiinqsrSfiae.orq 


Sponsored  and  Administered  hy; 

In  cooperation  with: 

The  SAE  G-13  Comm  nee  on  Human  Modeling  Technology 
srd  Standards 

National  Research  Council,  Committee  on  Hunan  Facial's 


3IEA  sws 


CO3035 


F 
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http://iac.dtic.mil/hsiac 


Hb  tAC 

Ml  aw-iaim  UMM1U11 


PROGRAM  OFFICE 
AFRL/HEC/HSIAC  BLDG  196 
2261  MONAHAN  WAY 

WRIGHT-PATTERSON  AFB  OH  45433-7022  DEPARTMENT  OF  THE  AIR  FORCE 


OFFICIAL  BUSINESS 


http://iac.dtic.mil/hsiac 


(937)  255-4842  Telephone 
(937)  785-4842  DSN 
(937)  255-4823  Facsimile 
(937)  255-2558  Gov.  Tech  Manager 


Thomas  Metzler,  Director 


Barbara  Palmer,  Deputy  Director 

Dr.  Michael  Fineberg,  Chief  Scientist 

Dr.  Joe  McDaniel,  Gov.  Technical  Manager 

Tanya  Ellifritt,  Assoc.  Gov.  Technical  Manager 

Dr.  Kenneth  R.  Boff,  Gov.  Technical  Director 

Human  Systems  I  AC  GATEWAY  is  pub¬ 
lished  and  distributed  free  of  charge  by  the 
Human  Systems  Information  Analysis  Center. 


Dr.  Darrel  G.  Hopper,  Guest  Technical  Editor 
Jeffrey  A.  Landis,  Editor 
R.  Anita  Cochran,  Copy  Editor 
Christina  P.  McNemar,  Art  Director 
Ahnie  Senft,  Graphic  Artist 


*  EYE  MOVEMENT  MONITORING 
SYSTEMS 


ISrA\  isihc  v  i  tld  i  lading  producer  of  video  hassd  tjc  nun  c 
nwnl  imjori Ljciii |i  t.x si u m SinctlSSQ  ntr  tuual  nope  htl  pf.kl- 
uctf  ha?  sa  the  piei1  far  performance  and  Uralhlitj  m  wtde*ait*- 
m|t  rcwarch  miJiMr  and  fitediol  ?|rplijsiilfaas  iVr  wn  provide 
cJl-llu-itdJur«uiKMni£ud  &iluLii»s  toiuii  riiHihll)  in\  human 
fatttis  application 


iTixlllils  &  teal  II  I  in  I  uili1: 

*  14gs.-Lnvusi.it,  hi^h  ncrtiluLiiH.  renl-Linu; 
iiir.M-.i. -eii'r  1 1\'  f i.'  pwiiKm.  pjpil  suk  nml  )- 
-uhjtCt'fi  lei'll  oS  fJJi: 

*  Comptfac  Eye  .imJ  HcutlTmcLinf  Labaraturici  tilh  optional  Brm'hlop 
llijh  Speed  (op  Lo  3-H  '1 1/1  iiitd  Ihgh  Rvm^iiImii  very  mis  jvutlahlv 

*  Lolegnflt-iL  E>?  Hum)  Tricking  inVR  Di-splays 

'  L'IItj  Li|!hlu.tjghl  Held  '  Ji.runlcd  Eve  ,nJ  Vein:  [nuijn^Siirms 

*  *|HA:ialvgd  Keniau  MfUnHud  Itjt  ImajingSi^umS  far  IlMigOr  Shftl 
Rll^ApfjLCBliCitLs 

*  Advanced  PCI  I3u? I:;i ic Trucking Mcctromies.. 

1  Complete  LVe.ii  Ampliation  Hiircfa  are  and  ,'ioah  as  Sol  I  ware  Jor  Detenu  - 
nuliufl  Ilf  Silhjts.f'%  Visual  EVrfOfttNK? 


ISC  AN,  InCr 

HO  CpmljrnJ.Bg  Strw* 

Tin  vlinytun,  fal  A  0 1  BOS  USA 

Tel:  78 1  -273-d  '1 55  Pax:  78 1 -273-0078 

Web:  ottow. i siusiimk; .l.'Sitthi  e Mail:  infi*.1  istmninr,:.^yni 


